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The author will derote the flrit pert of the lecture to 
the klnetice of polyraerlzatlon and to the reaction* of free 
radicals at relatively low temperatures# 

There are itlll only a few experimental studies In this 
ileld, -owever during recent years the Interest of »oholar* 
as been Increasing rapidly In this direction* 

Clearest of all 1* the manifestation of a violent, almost 
explosive polymerization at the moment of fusion of a solid 
monotaer, which was already observed in the forties by Imtort , 
Hinshelwood^, Horrlsh^, and in reoent times by Bnlkoloplaa 
(Institute for Chemical Physics), in the case of acetalde- 
hyde. The reaction takes place with the speed of the fusion 
process without using catalysts, Whereas a trifle above or a 
trifle below the fusion temperature there is praetioaUy no 
reaction* 

The same phenomenon as shown by Inikoloplan is also ob- 
served at the melting point of formaldehyde* There are many 
indications in the literature on this subject of violent poly- 
merisation reaction* at the melting point and for other 
monomer* at a low temperature (e* g* styrene and methyl 
methacrylate)* When the melting temperature of substances is 
higher than 0*, this phenomenon is either not obeerved or is 
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observed in the form of a slight speed laopeaee. Ab^ 
reports, for Instance, that the latter takei plaoe when nelt- 
Ing maleic anhydride (56®) • 

Kargin, Kabanov and others’* deposited on a glass surfaee, 
chilled by moans of llould nitrogen, a moncwwr and a catalyst 
In form of two molecular films in a vacuum. At a certain 
temperature of the precipitate there occurred an explosive 
polymerization reaction. Monomers tested were* methyl 
methacrylate, styrene, acetone, acrylo- and methacrylonitryl, 
acrylamide, Isoprene, and others. As catalysts: magnesium, 
lithium, mercury, chlorides of lithium or beryllium, Mo 0^ 
and others were used. It was discovered that styrene, isoprene 
and e-methylstyrene react violently upon fusion. Other mono- 
mers (in particular, formaldehyde) display a violent, often 
explosive polyrnerlzatlon at markedly lower temperatures, 
obviously, upon transition of the preclpltaU from an aKjrphous 
to a crystalline state. Above or below this critical tempera- 
ture the reaction takes place extremely slowly. Similar 
Phenomena were observed by Magat^ upon irradiation of fon»l- 
dehyde at a temoeratiupe of about -196®, 

It is also Interesting that a rapid reaction is observed 
diarlng fusion of a mixture of components not only during 
polymerisation, but also during other simpler reactions. 

In the Department of Chemical Kinetics of Moscow State 
University, Chaikin^, VishnevSkll and Sergeev^ a few yoars ago 
observed violent reaotions of chlorination and hydrochlorlna- 
tlon when freeslng a mixture of chlorlno with ethylene or 
Isobutylene and correspondingly with hydrogen chloride. 
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and ShalnUtoY^ back In tha twintlaif ¥hila dl*» 
racting noleciilar fllBUi of fnlfmr and eadaliai onto a tnrfaoa 
cooled by llculd air, obaerwl imdap tha aana axparlaantal 
conditions as Kariin and Kali^oy an axploslaa paaotlon vban 
attaining a certain critical tanparatura balow -100* . 

In the Dep€urtiDent of Chanioal Kina tics of Moaoow Stata 
tJhiverslty, Gnpoan and his associates^ observed at •115* * 
▼iolant reaction for tha recombining of free radicals In a 
frozen 25 percent solution of HgOg in HgO* Tha radicals iiare 
obtained at -196® by exposure to ultraviolet light and vere 
registered by the SPR method. At temperatures above or below 
-11 5* the radicals were stable during a prolonged time. In 
the absence of Illumination tha system HgOg (25 percent) ♦ 
xigO (75 percent) at precisely -Il5* displays on a thermo- 
graphic curve a phase transition* Thus* the reconstruction 
of the lattice, or the transition from an amorphous to a 
crystalline state, furthers a rather rapid movement of tha 
radicals, which also provides for a great recombination spaed. 

Let us also remember that tha mixtures of pulverised 
oocides of aUcaU and alkalina-aarth metals with oxides and 
chlorides of elements of tha IVth Group at temperatures con- 
slderably lower than the melting temperature react at the 
points of polymorphous transformation of one of the components 
with the formation of complex compounds. This phenomena was 
Investigated in an especially detailed manner by Grasovy and 
his students. As was shown by Bvdok^wjv^ at the Institute 
of General and Inorganic Chemistry, such a process talces place 
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slIso vhen the ohlorld* it in a vapor phase • He studied the 
systeia caisl sting of one or another oxide of an aUcaline-earth 
aetal and of a germanium tetrachloride vapor* For different 
oxides, t?ie tonperature of polymorphous transfonnoti<>n (and 
the accompanyia? reaction) is between 200 and 640®, while the 
inelting ternoeratxire of oxides Is of the order of 2(XX)®* This 
observation shows that at tlio tlraa of the phase transition the 
oxides hocar’iG ooivr^eable to the molecules of vapors* 

Furthermoro, the author will examine several peculiarities 
of polymerization at low temperatures in the liquid phase upon 
Initiation by means of penetrating radiation, light, and 
catalysts* It has long been known, particularly from indus- 
trial experiments, that the polymerisation speed of liquid 
isobutylene under the action of acid catalysts Increases with 
the lowering of the temperature* 

tinder the action of ganna rays, Isobutyleiie is also poly^ 
Bsrized at low temperatures (e*g* at -80*), with a aroch greater 
speed than at 0®* Here, under low temperature conditions there 
is formed a polyraer of high molecular weight, while at the 
usual tenporatuTo (e*g* at 0®) low molecular products are 
formed. The speed of radiation-polymerisation of liquid iso- 
lmtylen« and of Its solutions in electron-acceptor solvents is 
strictly proportional to the intensity of the gamma rays, which 
is an indication of an Ionic mechanism for the process* 

Atoin^ showed that the polymerisation speed of acrylo- 
nitrile In a solution Increases (approximately 17 timee) when 
the tempera t’lre Is lowered from —50 to — 112®| also the 
molecular weight of the polymer obtained greatly increases* 
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Ai !• known, at poaltlva taaparaturai, tha fpMd of this roao- 
tlon dooroasas whan tha taaparatura is lowarad. Thos, tha 
spaed of the polymarlaatlon paaotlon that takas plaoa In tha 
solution has a mlnlnuB and Ineraasas in the dlpactlon of 
high and low tenperatures. Ab^ links this with tha transi- 
tion from a radical mschanlso, that is charactaristla for 

high tenperatures, to an ionic Bachanlsa, that Is characteristic 
for low tenperatures* 

Enlkoloplan at the Institute of Chemical Physics studied 
the pol:.Tiorizatlon of Isobutylene In a liquid state under 
the action of penetrating radiation In the temperature Interval 
from -20 to -120®. Tiie reaction speed Increases whan tha 
temperature is lowerad (about 16 times In tha Interval Indi- 
cated), ooeyln^: tlie law of Arrhenius, but as though with 
negative activation energy B « -2.47 Kcal/mola. Tha speed 
of radiation-polymerization was strictly proportional to tha 
intensity of radiation. The speed of polymerisation Is equal 
to IP, where P is the average rate of polymerisation, and 
vHiere I Is the speed of production of active canters, pro- 
portional to the radiation intensity, which of course does not 
depend on the temperature. Unfortunately, P as a function of 
the temperature was not measured, but there Is every reason to 
assume tliat P Increases when the temperature Is lowered. 

Later the author will survey the polymerization of Uquld 

methyl methacrylate. It is known that in 1958, Ooode. Fox. 

10 ^ ^ * 
and other. .ho-d that at low t..peratti«, thar. la fop-d 

froo l^nothyl aethaorylat. In a llc^ld phas. under the aatloa 


Sanitized Copy Approved for Release 2010/11/30 : CIA-RDP80T00246A01 2300790001 -8 


Sanitized Copy Approved for Release 2010/11/30 : CIA-RDP80T00246A012300790001-8 


- *./. -c. ■ :>ro»sonca of peroxide, a syndiotaotlo polyntp, 

while at; -r. Unary ternrHiraturea tmder the aane conditions an 
atactlcal pol:nn0r Is obtained. Obviously the reaction p^eeeds 
accordliig to a radical mechanism. Thus, a stereo^regular 
polymer was obtained for the first tlM In a homogeneous en. 
vlronaent. Bnikoloplan Investigated the kinetics of the low 
tonperaturo polymerization of methyl nethacryUte in the 
tenperaturo interval from 25 to Jf8» under the same conditions 
as in the ’.^rlc of Goode and others, l.e,, with the initiation 
of the process by means of free radicals. It was shown in 
particular, t.hat the absorption of ll^ht by percoclde in ths 
investigated temperature interval was constant. The same 

was done for vinyl acetate. The polymerization speed Is pro- 

-^ortlonate to 


The tine of the development of the chain %nia determined 
by the method of a rotating sector, the reaction speed by 
the dlla tome trie method, and the polymerisation rate by the 
viscometrlcal method. The constant for the growth of the 


chain Y was ealculatad by ordinary aquation*. Per th* polyw 
merlzatlon at temperatures above 0®, k and the activation 
energy corresponding to these values cWlded with the data 
of other authors (Melville and others). However, when the 
temperature was lowered, the lav of Arrhenius is not observed 
(Figure 1). rie effective activation energy decreases when 
the temperature is lowered. The values of constants observed 
at low temperatures are noticeably greater (about 3 times) 
than those vfhich would bo obtained for those low temperatures 
(-^•) by means of extrapolating, according to the lav of 
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Arrhanlusy those data obtained at higher tempera tiirea. The 
experlToental eitrve shown In Flg« 1 eannot, it appears, be 
obtained in presupposing a binoaial formula for the constant 
of the growth of the chain 

k_ e k ^ + k. « ♦ A e"®2AT 

T sjmd isotact 1 

As Enikolo^ian showed, the function obtained by him 
obviously cannot be explained from the generally aocepted 
viewpoint which consists of the following* that the polyiMri* 
zation irocess (nc* raatter whether radical or ionic) consists 
of a se. l s o'’ aleiaentary acts, in each of which is added one 
laolocule of a Monoraer* 

Eiiilcolopian through the rotating sector method determined 
tlM tirie^of development of tho chain during low temperature 
polymer Izat Ion of an Ultmlnated methyl methacrylate, to 
which was admixed a peroxide* According to the usual theory, 
the time X- Is determined by the speed of initiation and the 
speed of destruction of the chain* It was not dependent on 
the temperature (in other words, the reoombinatim constant 
of the radicals does not depend on the temperature ) • The 
between two consecutive acts of juncture to 
polymerized radicals of two moleoules of a monoMr must be 
equal to 



Thanoe the kinetic length of the chain, i*a« the number 
of eloiiientary acts in the chain 
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Whan there Is no transnlssion of the ahaln (vfcloh foor 
the polynerlsetlon of eathyl nathaepylata ma flnslf ««««- 
strated by /alvllla^), tha usual thaory laads to tha aquatloo 
y = F (with a braak by naans of disproportionation) and 
? = 2V (with a braak as a result of rooonblnatl*). Houarar, 
from an axperlnant Bnlkoloplan obtained P • v only at toia. 
paraturas hl^r than 0, but w>«n tha tenparatura was lo-sred 

the ratio F/V Increases, raaohln* 6.5 at -M*. 

mow tr-. author endeavors to give another type of 
oac.u.nis.u for the r.aotlon of ttn Chain Incraasa at lowered 

tarat'^ratr.rt* s • 

.. oxanln. tha work In radiatlon-polyBarlsatlon In a 
folitl uvionsor, 

D u ln- c. -e ast y*ars there appe«P«d « »«!#• of 
(HaarobUn. Word, Magat, Hor.v.4, Ballantlna «.! othara ) 
on tha study of polynarlsatlon In a solid phaaa undar the 
aetlon of irradiation at low tenparaturea. As Magat ehowed, 
th. polynarlsatlon spead undar the eotlon of redlatlcn exposure 
in . eoUd phase Is usuaUy 10 - 15 tlnss gre.tsr tJ-n In ths 
liquid phsse, even If the tenpereture In the eolld pheca Is 

lower* 

In nsny oases of radlstlon-polynsrlsatlon In solid noae- 
MTS, thsra IS observed a so-aelled poat-affaet, l.e. e pro- 
lontad reeetlon proeaaa after tha axpoaura to rsdUtlon has 
been dl*«.ntlnped. thl. pertteular 

detell hy Mo^vet.W the In^Si of poly-rlsetlon f«f . 
orystolUna aerylesdde at a tesiparature of 25*. ^ 


Sanitized Copy Approved for Release 2010/11/30 : CIA-RDP80T00246A01 2300790001 -8 



Sanitized Copy Approved for Release 2010/11/30 : CIA-RDP80T00246A012300790001-8 


ttu, -ct last, lor d.y.. In 100 hour. th. topth of 

tran.fom.tlon raa.h.. .lto*«th.r 20 poroont. «or.r.t. ~n- 

aldor. this ,o.t^ffeot a roault of th. «tr«.ly .10-4 «»« 
reaction process cf chain IneroMO, «>4 «» .Irilfl^nt »~*- 
tlon .pood, difflng oon.twt «po«r. to radiation a ..wit of 
.ran sreatrr decraaso of th. ehaln da.tmetlon ooo.t«it Old). 
Whan oonparod with Dalnton*. data^'^, 

to Moravsts 10^ lea. thM> in an aorylaaddo wlutlon at th. 

,ar« te:sn.rot- re, «rd tl* lattar lo’ t3«. I—. »h. «cn.t«.t. 

k «>d It were obtained by Moraret. by eooparlng aiperlnantal 
d!f. of how tno tronsfomatlon d.pth of poljrnerltatlon dapandad 
on th. tine with the th.oret)ral cur« obtained fror. ordinary 
kinetic polynorlzatlon eqtifitloni. 

we nust, however, '«ep m "-Idd Dalton wid Tordoff, 

Wh«> .todylnc too oolynarlt.tlon of aeryUnlda. In solution, 
al.0 ob«»rved a .trong ooat^f feet which la.ted «iny hour, 
with a .lowly d.cr...lng speed. «o«v»r, this po.t-.ff.et, 
a. they s'.iowed, 1. not directly proportional to tlwi oagnltud. 
of tiw. cteln growth conatant. Th. tin. of e.v.lo!W.nt of th. 
chain was detemlcd by Dalnton by the rotating s.ctcr ..thod 
during the Process of stationery reaction (during Irradiation) 
and waa eoual In al.l to about 30 aoeond.. Therafore, Oalntcn 
considers that the rK«.t-effect 1. linked to t,« fnperary 
break of «« chain, or with the .creonlng of ««- free riwllwl, 
„,_.na thi. h. eon.ld.re nore pUu.lbl.-lt Uk.. pUe. .t 
th. .xpena. of the oon».r.lor. of a poly»rl«tlon-aetlv. 
radical Into a non-aotlv. fons with free vaUno. at the nltrogwi 
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m u« first a..d th. <«• »*- 

of tl«rn>al .sotlan the activity of a radleal may b. ae*lB 
raatorad 0.1 the «.oond case a. a rmsolt of th. r.y.r~ t,«- 
sltloh cf the radical to an aotlv. form), m th... 
the Si«ll chain after a prolonged dMplng again bagln. to In- 
crease elite ranWlv either by oontlnnatlon of this chain, or 
by creatine a nev on.. Inasmuch a. the proa..... of th. .<»- 
vor 1 or actly. fo^ts of the r^Ucal Into non-actlv. — 

•a--o Tier- wr- slowly In oonparlam with th. speed of chain 
^yolopsmnt UP to It. faporary doping, It Is nature that 

the post-o'fect will oontlnua for a Ime tima. 

The e-.thor presuppose. t»«t In .olid aorylaslde during 
It. polymerization the po.t-.ffe.t ha. «. analogou. natur.. 

Th. =an.ld.r.hl. .p.«l of r.dl.tl®.poly«.rlz.tlon ra- 
aotlon in solid polymra, numarou. .nthor. (a.g. Morayat.) 
llnh with their crytaUln. .truoture. fr.,u.ntly th. «W«- 
,ltl« 1. .xpre..«l that th. relatlw dlapoaltlon of monomar. 
in a cry.t.l 1. elc to th. orl«.t.tlo« of raaetlng molacuU. 
i«.t favorabla for th. ohaln growth reeotlon. Thu., In^th. 
report or.s.nt«d to thl. sympo.lum, B«>n«a»son Md «■»* W 
that th. deer.... of .etlvatlon energy .hato growth soeur. 
b«..u«i of th. f.Tor.bl. orl«.t*tlcn of monomer moUcul.. In 
a eryatal. I-t u. obaww. that r»h a typ. of farorahl. 
oruntatlon of a radloal and a -onom«- .hould not by Itself 
O.UW a lowering of .etlwatlon energy In a .olid 

in th. llguld Pha»a. Xn *** 

gueous pha». with m aotmtlon «>«rgy of 4 - 5 K««l» 
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r ic&e "art ‘ that by ohanc® favorably ori«nUt®d 

tincn, coHisioii. •‘'he orientation in a crystal nay only 
ilucnce ;.a r.itude of the pre-exponential torn. Thl» oon- 

sxdei atl ’u o^reriooked by many author* • The author* axprai* 

t }tynothos >8 that ev.ch a favorable orientation in a crystal 
enablea the oolymerlc ion or radical to annex at onoe not one 

nalybborlnp; moloculo of a taonoiaer, gf 

aaJfiSIiJAi ^ TiiPAon where the crystal is ideal. This 
question Is discu.-soc! In det 11 below, but now we examine the 


yr^enornenon of enoroy transfer at low temperatures. 

.. * s turn to the experimental facts. For the sake of 
definite, less and brevity we may consider only the work con- 
ducted <ilo . t:w 3 C lines in recent years at the Institute of 
Cher leal -st^s. In the laboratories of Talrose, Voyevod»kil 
and buoen, ar.d «t the Lnstltute of Petrochemical 8ynthe*i* In 
tno laboratory of Polak. Talroze and Prankevloh^^ Studied 
tJie elootrioal •properties of polyeth: lane and paraffin which 
arise when .natlnr? samples previously irradiated In the aoUd 
state. The irraJlatton took nlaoe at the tempera t^ire of ll<|uid 
nitrogen .ith fast (1.5 nsv.) electron*, and also with hard 
X-rays. Simultaneously, the soectra of the electronic para- 
magnetic resonance (EPR) of the free radicals were fixed. 


The free ra-^lcals in tb^sse systems are stable at low tempera- 
tures and only when heated to a cerUln temperature do they 
begin to pariah rather quickly as a result of recombination. 
In the case of paraffin they are alkyl radical* which parish 

mainly at temperatures from -33 to -13°# I*' 

ethylene (as was shown especially clearly by Voyevodrfeii and 
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these are alkyl and allyl radicals* Ihe first ones 
perish In the Interral fron -3 to "*"27*$ the latter In the 
interval from +70 to 90*. Measuring In a parallel fashion the 
electrical conductivity, Talroze and Frankevloh discovered 
a;i outburst of electrical conductivity at the sane or soneidiat 
higher tenoeratures, at wl.lch a recombining of radicals occurs* 
l>^ln;: this outburst the electrical conductivity of the Irradi- 
ated sTibstance in conoarison with an analogous index for a 
non-irradiated substance Increases to the 2 nd or 3rd order. 

This phouomenon iriay be fttfthered by the fact that a local 
emission of --err.' as a result of the recombination of a pair 
oi rai'calr. is a lo to cast out an electron ( hole ) Into 
the conduction zone* 

Tiilc s’Tooositlon acc^ilres a special significance In con— 

l8 

noctlon with the new experiments of Talroze and PranJcevlch * 
Tnoy discovered analogous outbursts of electrical conductivity 
by hoatin:: a ?ol:n»r of trlethylenglyooldlmethacrylate, con- 
taining rarlicals wfiich remain In Its mass after polymerization 
(tomporaturc 25*)* In this case the appearance of an BMP was 
also observed, the magnitude of which attained several volts, 
w'iich obviously bears witness to the great lengths of free 
run of electrons (*holaa") In this system along sotao collective 

levels* 

r Certain new data also viere obtained concerning the mlgra— 

I tlon of excitation energy along the saturated hydrocarbon chain* 
Voyevodskll and Buben with their associates'^ exposed 
the followlnr^fast electrons! (1) Saturated hydrocarbons, 

(2) Benzene, (3) Saturated compounds In which one or two 
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hydrogen* at tha and of tha ttoXaaular ohain mT9 raplaaad by 
phanyl radleala* Tha alJcyl ohaln oonalatad of 11 CH^ graupa* 

In aatnratad ohalni, as vas knofwn» saaondary alkyl radlaala 
appeared with IrradUtlon, In banaena^ phanyl radicals are 
fomedf tha radiation yield of which la 20 - 30 tlMf laaa 
».han In tho case of saturated hydrocarbon. Thns In both 
eases the radicals appear as a result of a breaking aiMy of 
tha H atons* It was dlsco^red that as a result of irradia- 
tion of substituted bansanas practically only radicals of 
the phanyl type wore fomsd| but with a radiation yield 2-3 
tines larger than In pure bensansi calculated on tha basis of 
direct action. These data prove tha possibility of energy 
migration along tha saturated hydrocarbon chain toward tha 
bansena rings. 

Talrosa and Ousynln^^ studied tha damping action of 
carblnols (Cj^ - C^) on tha lunlnaseanca of dloocans solutlcns* 
activated by tcrphanyl. Tha affactlvenass of tha damping 
action of tha alcohol nolacula was shown to grow llnaarlly 
with tha length of Its hydrocarbon chain. If tha effective- 
ness of danplng were datamlned by tha coUlslcn of e»lted 

molaculas with tha OH group Itself y then all alcohols 
(In the case of identical molar conoantratlons) would have 
an Identical danplng affactlvenass. The linear law dlseovered 
shows that the damping occurs upon tha collision of an excited 
dloocana molecule with any part of an alcohol molecule. Cta 
tha other hand, It turned out that tha corresponding hydro- 
carbons (In which, of course, tha OB group Is absent) 
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action* Those oxporlments directly prove the poeelblllty 
of distant energy migration along the saturated hydroearbon 
chain toward the OH group of the alcohol* 

As another example of extremely distant energy transfer 

may serve the experlaents of KolbanoTSkllt Polak and 

21 

Shcherbakova , conducted at the Institute of Pstroehealeal 

Synthaais of the Academy of Solenoeti nSSR| In which the 

following was showni upon irradiation of frosen heptane 

(at -196”) with additions of axeitation aeeeptors such as 

-2 J*. 

aroiaatic compounds in a concentration of 10 to 10 

molaa/lltcr, tfie output of radlolysis products deereasesy and 

o 

tlie energy transfer radius may be estimated at about 100 A* 
These results coincide with the data of Porter and 
associates'^, who studied energy transfer in an enrironment 
of nethylcyelohexane isopentane* Upon irradiation with 
gamma rays in the presence of about 10*^ moles of trlphenyl- 
methane, the authors discovered an increased yield of trl- 
phenylmo thane radicals on account of energy transfer from the 
solvent. Since, however, in Porter’s work the radlolysis 
products of t’lG environment were not measured, the work of 
iblak and associates Is a more direct proof of the transfer 
of energy in these systems* From Porter’s data the transfer 
radius may be estimated at about 60 X, which is close to 
Polalc’s data. 

The ability of molecules to concentrate the energy of 
Ionizing radiations increases of course substantially with 


Sanitized Copy Approved for Release 2010/11/30 : CIA-RDP80T00246A01 2300790001 -8 



Sanitized Copy Approved for Release 2010/11/30 : CIA-RDP80T00246A012300790001-8 


tha inoraase of oailugatiori* B«rlln« Ooldanakli 

and Daantlay In tha Inatituta of Chamieal Phsrties atudiad 
the radiation-polynarisatlon of i>han7laoat]rlaiia In folutloat 
of ethyl aeatata and nonant* 4a la knovay in ttlqrl aattatt 
one obserraa aapeolally praoiatly the popoportionallty bt t wain 
the yield of the polynar (In the eaaa of a given aowann doaa) 
and the concentration of tha nonoBar* Howayar^ In tha eaaa 
of ti'e polytnarisatlon of phanylaeatylana It tumad out that 
In both naned solvanta tha output of tha polynar (for anall 
conversion i:iercdntagaa) praetlaally doaa not dapand on tha 
concentr ation of a moncmer In tha aolutloni If this conoan* 
tratloi. exceeds 5-10 pareant* Tha yield of tha polyaar 
also remains the aama In a aonoanr syatan without aolwant* 

All this points to a praetleally eomplata tranafar of anargyy 
absorbed by tha aolvanti to tha mononar and tha polynarle 
radleala* Obvloualy, this la linked with tha praaanoa of an 
unusually strong conjugation In thla polyiaar* The aubatltutlon 
of aroisatlc substituents on oyelohaxyl rings or fatty ohalna 
significantly decreases tha affaot as a result of tha faet 
tl:iat t!.c conjugation is prasarvad In thla eaaa mly In tha 
basic pol:'nerlc olialn* 

E:;-:eerlndntel data on tha paoullarltlea of tlia polyaarlia- 
tlon reaction taking plaea at low tenparaturas can hardly be 
explained with tJie aid of tlia usual theory, developed for 
higher tempei-atTirea* Thera are atlU too few new data fron 
which to foi'iii a theory for tha phenomenon which Interests tha 
autliov, hot at all claiming the forming of such a theory, 
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tlie author endeavors below to present a working hypothesis 
which for the tine being Is purely qualitative. 

The author supposes that In a ■ono®sr crystal the radical 
is able to anivex all at once a group, consisting of a con» 
aider able number of nononer molecules. In line with other 
authors, Semyonov supposes that In a crystal the nononer 
nolecules are disposed In a relative orientation favorable 
to a pol^ojerlzatlon reaction. In a crystal thers is. one 
...ight say, a "store" for the production of macromoleculss, 
’.vhlcK la not found In a homopeneotts liquid and which insures 
- faster ^olynorlzatlon reaction under the action of radia- 
tion for a solid monomer than for a liquid. The explosive 
trsutisitlon process from monomeric state to a polymeric one 
in a solid at a certain low temperature (TOCh below the melt- 
ing temperature), observed by Kargin. Kabanov, and others . 
for a aeries of monomers and by Magat^ for fomaldehydef 
very much recalls the regroupings which occur Just ae vio- 
lanUy In solid solutions of metals under strong supercooling. 
A classical example of this Is the martensite regrcnping in 
steel, where the gamna-fom instantly (non-dlffusely) goes 
over Into the alpha-phase. 

Since the composition and alUmatlon of C atoms do not 
change on polymerisation, tn this ease a non-diffused re- 
grouping is possible aleo. However, the difference eonslste 
In the fact that during polymerisation the prooeis Is linked 
to the change of valence bonde. l.e. to a eharp ragroupim of 
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. 17 . 

C . . 

tha alaotron danaltjr batwaan tha^atoui 

(a) Basldaa. aa waa ahowti abora. tha ragrotq>lna In a Blzttffa 
of natal oKidaa or of oxldaa vlih natal ehloridaa laada to a 
ohanieal reaetlon with raaultlnc eonplaac aenpoiiiid8« ahloh| 
probably, la linkad with tha ragroaplnf of alaotroa danaliy* 

Therefore, It would aaam that in tha oaaa of polynari* 
aatlon the proeaaa muat hawo a oonaldarabla aatiwation anargy* 
Bach addition of ona nononar aolaoula to tha radical ahould 
be connected with tha sane activation anargy ( ^ 5 KcalAM>la) 
as in t}ie liouid phase. Tha prasanea of a '*stora'* would be 
able t-* strongly increase the pre-axponantial tarn of tha 
reaction rate constat, but not to decrease tha activation 
! energy. eanvAiile the activation energy for tha polymerisation 
reaction in a solid raononar is considerably lower than in a 
liquid nononer at ordinary tenporatures* 

Vfo noist, however, keep in nind that in tha praaanoa of 
a ’’store'* there are formed ezeluaively favorable conditions 
for tha transfer of energy, wfdoh is evolved in the eleaentary 
act of annexation of one molecule of the aonooer (pirobably 

i 

^ in the form of energy of an excited eleetrem)* ^is energy 
goes into the activation of the neighboring nnleeule of the 
■onomer and consequently ins ures the occur rence of a subsequent 
eleaantary act without a^ tl^raal activation ete* Thoe, the 
entire aonooer ic ’’store" froa aoleculea during the tiaa 
necessary for the transfer of atoas of C ( 10*^^ see.) 

is almost Instantly transferred with the aid of eueh anergetie 

^ 

chain into e polymario chain* Only when encountering a lattiee 

A • 

defect, where the favorable disposition of aolseules is upset, 
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«18« 

<lo 9 s the reaction of chain growth stop* I^it us obserrs that 
a violent explosive charaeter of polyaerliatlon was observed 
for a series of solid monomers only at melting teaperature 
and at a certain considerably lower temperature, which, 
possibly, is not precisely fixed* ICargln, K aba n ov and others 
llnJr this temperature with a non-equilibrium transition from 
a vitreous state of a monomer to a crystalline one* 

In t’;'? remain re Ion of temperatures in a solid 
crystal 11 ve r.ononcr there takes place a slow reaction of 
ool^r^cr i.zati'n, but nevertheless, as a rule, 10 - 15 times 
faster than in a lloull :ao;ioraer at low temperatures* 

This slow process of radiation-polymerisation of a 
solid “innoTier at a low te iporature may be presented in the 
following manner* 

Under the action of radUtlon In a crystal there are 
formed primary radicals as a result of the breaking off of an 
^ H atom at such a oolnt in a molecule where it is most weakly 
linked. Probably, It is most favorable to break off an H 
atom from nolecules located in the places of lettiee defeats* 
These primary radicals P are little capable of reaction as 

a result of the fact that free vale n ce is unfavorably 

oriented in relation to the ot mco omr molecwls s 

in the crystal, and thereby the reduced speed of the radistlca 
polymerization process is explained^* Hsverthslsss, rarely 


(b) Prom quantum mechanical calculations. It is known that 
for a reaction, e.g* D ♦ H-H -► D-H ♦ H, the prceess ^es 
place with little activation energy only in the favwab^ 
case when three atoms lie practically on one 
in the case of perpendicular orientation the astlvatlon 
energy will be considerable* 
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do«a ttm intaraetion of a radical vith a ■oncir aolooulo 
ooatv along a doobla bond* Zn thla oonDaotlon thara la 
foopoad a aaaondary radleal P-C«C«| ahoaa fraa calanoa la 
already faTorably orlantad for furthar polyaarlaation* Tha 
anargy avolrad In thla raaetlon goaa into tha azeitation of 
an alaotron in a naighboring aolaaulay ata*9 aa a raanlt of 
which there ooonra praetioally an inatantanaona formation of 
a polyroeric chain with a free valanoa at tha and* 

Thxis tha process will take place as thotigh by leaps and 
bounds ulth prolonged pauaaa in between* Therein tha author 
sees partlcTilarly tha explanation of the i^nonanon of tha 
postoeffeot, and also of tha often obaerrad gradual inareaae 
in the speed of polynarization at tha beginning of atationary 
irradiation of a aolid aononar* The ehaln (raaation) finally 
diea as a result of rare cases of reooabining of end walanees 
of two chains (binolaoiilar process)* 

If tha polynariaati on nachanian la i onic | than under 
tha action of radiation there are fomad ion pairs of opposite 

charges usually in tha defect points of a lattiaa* Tha direct 

♦ — — — - 

reconbinatlon of an ion pair is wary auoh hintorad by staric 
reasons* There also rather rarely occurs a neutralisation by 
naans of an overbalancing onto this prinarywion pair of an 
electron (onto the plus ion) and of a "hale** (onto tha nisms 
ion) froBi a nononaric aoUactive systen* Tha anargy evolved 
hare I just as in tha case studied above of radical polynariia* 
tion, insures a sinultanaous act of polynarisation at cnee of 
a aolaculas of a crystal* The nsnbar a is again dataminad 
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by lattice defects ♦ The electron and t^>» in 

the last act of the derelofoent of the chain, l^&ss onto the 
defect, as a result of which there arises at the end of the 
chain a new stable ion pair* The final eessation of the 
chain reaction takes place as a result of rare cases of direct 
recombination of a stable ioo-palr (ttonoaolecular prooets)* 

There is a post-effect if the reaction of chain prodnetion 
takes place nore rapidly than the direct reooad>ination, and 
the post-effect does not take place in the reverse relation* 

At nieltlnc tenperatnre or a little higher cr lower than 
it, the correct dlso'^s . ti^'n of mononerle nolecules, 
characterlatlc ^or a '-rystal, is preserved^ but the noleeule 
aoqnires a certain nobility, wt.lch reminds us of the Bobility 
of nolf'C' los i" a ll'^ild, although it is not fully equiralent 
thereto. '^Ms facilitates the reaction of the prlsury 
radical (or of the ion-pair) with the nearest mononerle mole* 
cule, as It pemits the primary radical to quicdcly realise 
the orientation farorable for the reaetioix* 

After this act there iamediately follows a practically 
instantaneous ry>l3rmirlzatlon reaction of the entire "crystallite" 
since the defects may no longer delay the derelopnent of the 
chain. 

A situation similar to this also unfolds at the point 
of transformation of a yltreoos monoasr into a erystalline 
one or generally at the points of phase transition. In both 
oases there are thus created conditions for a qulek, ezploslre 
type of polynerisatlon* 
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«-2i« 

During the davwlopwmt of tho aboiro«4BtntloiMd onorgotit 
ehaln, tbs transfor of onorcT orolvod In tbo gitoa aot of 
tho roootion adjaoont to tbo oon oi r lo aoloonlo wmy bo vo* 
alisod In the fom of an alaotroaio oxoltatlon* 

The presenoa of axeltatlon anorgy load# alaoot Imitontly 
to a raaetion of annexing tha ■oaoaaria aoloonlo to tho 
polymer io radical according to the type of photoOhaaioal 
procaeaea* The actiration barrier la orarooMi at tha ox* 
panae of tlM axoitation energy aa a pradlsaoelation typo of 
phei^menon, T/m energy arolTad in tha raaetion ia again 
transferred aa the axoitation of tha following nolaottla of a 
monomer, and the chain grows* The qualitatiro oralnation 
made by Adlrovieh upon the author's request proras that tbs 
boundary between tha polyaaria and nonoaeria parts of tho 
chain must more with a apood of 'the order of 10^ om/soo« 

Thus, the ohain of 1000 links will bo forxod during 
see* 

Thus we oan draw tha following pioturo of tha energy 
atate of an elaetron in tha prooasa of tha rapid growth of a 
ohain* Tha alaotron now is in an axeitad state with energy 
(after one raaetion) t then in a noraatl lawel (at tha 
moment following tha reaction) (sea diagran)* 
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TVie avrc>ioi“ «xpr«£s&«» a supposition whlah It is still 
inpossibla to provo exactly. In the regular eell of a 
crystal the excited lerel is colleetiTlsed and is also the 
level of the excited crystal as a Whole. The eleetron any 
move freely with the speed of an eleetron ueve along the 
entire crystal. Besides, the author supposes that the basis 
level of the monoicerlo crystal is also ooUeetivised to a 
considerable degree and this is why. 

Indubitably, such a eoUeotivlsatlon of ths basis level 
of tr-clectrons takes place in eonjugated ayateBS. But the 
correct sequence^ C*C C«C ...C^, Whieh occurs for a 


(c) For brevity %fe use 


C*C instead of 


R 


1 


c«c 

/ N 

R2 


sranonerlc erystal, ie analogous to a ecnjugate systea. In a 
Bonomeric crystal, it is true, there ere no single bonds be- 
tween Boleoulee C^. But the possibility of suffielently 
frequent sub-barrier transitiona of eleetrcne and of •Biolee" 
in Bononeric eryitals is not at all eaeluded, although the 
distance between the C etoae of two noleeulee le even greeter 
than the distances between those inside the noleoule. But 
this leads to a certain ooUeotlvisation of v«eleetrone in 
the basic state of a s s> n ou er ie erysta^« But then there 

a natural question as to whether for eaeh elenentery 
reaction of the chain there ie regtdred eeeh tine e jvap of 
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th« •l«otron to onorgr lovol its sobMqtwnt dmwfmm 
to a noraal atatOf and than a naw riaa to tha aana laval 
*ax« ^ ULnot auffieiant that oat alaatron raaala at 

thia oollaetiTa 1ml for a trvijr ainoltanaoma polynarisa- 
tlon prooaas all at one# foa all |g^ nalaanlaa of a uaneaaa* 

Thua the energy ayoltad in the flrat aat of Joining to tha 
prlaary radloalf of one aolaoule of a nononar^ gdaa into tha 
exoitation of a nonoaerlo ayaten of a nolaaolaa* After this 
there occurs ^11 at onoe a coordinated aot of the tranafoa"* 
nation of all a nolecules of the wanommr into a polynarie 
chain* This process vlll take place according to a type of 
predlssooiatlon In complex nclecules* 

T-ie author tries vith one example from ordinary 
kinatlca to aubatantiate the suppoaltion about tha simnl* 
taneooa act of transition of a nelaenlea of a orystaXlina 
nonoMr to a polymer* In eas eneet here ma anppeee a slnnl- 
taneona coordinated morei ae nt of niieleit and a redistribution 
of electron density along the entire eoUaetiTe asaaribly of 
A moleeulea* It is sell knomn that the break-off of the B 
atom from the allyl radical re((airea an expense of energy 
in aeeordanoe mith the equation 

H ♦ H2CaCH-CBiCH2 • q 

But this means that tha transposition of eleotron density 
and the transposition of hydrocarbon atoms takes place 
simnltaneously, in one act| with a break««ff of tha R atom* 


Sanitized Copy Approved for Release 2010/11/30 : CIA-RDP80T00246A01 2300790001 -8 



Sanitized Copy Approved for Release 2010/11/30 : CIA-RDP80T00246A01 2300790001 -8 


If the reaction took place gradnallri 

(1) -► H ♦ CH2«C»CB -Hg - Qi # 

(2) CH2-CIW:H-C!^ ♦ Qj 

then tlie energy of the breaking-off for the H aton would be 
l.e. jauch greater than the aotunUy oboerwed rngnitodo 

Ql - <2 ® 

It la »uch more difficult to explain on the baoit of thU 
hypothesis UiO peculiarities of polymerisation for liqiuid 
nononsrs and their solutions at lowered temperatures. These 
peculiarities consist jf the fact that, when the temperature 
was lowered, the speed in the liquid phase either increases 
or decreases more slowly than would follow from extrapolating 
toward ths low Umparatures the magnitudes of ths oonstsnt 
k « Ae“®^’ for ths chain growth| theso wsluss aro ohsrssteris- 
tic for room- and higher temperatures. Ths appsrent sstirm- 
tlon energy decreases either at the expense of the reel de- 
crease of E, or at the expense of an iaoresee of the pre- 
exponential term 1. If in the U<iuid there were formed groups 
(complexes) of oorrectly oriented (similarly to a orystsl) 
molecules and the free radical could, when eneountering this 
oomplex, annex ImmedUtely theee a meleoules, then the peeuli- 
arities of polymerisation in a liquid phase at low temperatures 
could be explained on the basis of the hypethesU introdueed 

above. 

It 1» dirflwat to aiibatratloto tho •»»- 
gonoo of auoh ao>plnn«, alnoo t— «or IfaoXa fo»M* 
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- 25 * 

ymtk* •T 9 II If »uoh eeBpX*3D»f fon»4f tliio in 

a hMK>g«xiKras Uquid or in aolutiens tlwlr vmb&r mU 
ohanga aary Uttla with thi lawarlBc of tho Waporatnfa* Tba 
qtwstion arlMS whithar thaw ara not naaarthalaM aa*a tpaalaX 
raatont for tha appaaranM in tha llcittld of aiioh orlantad io* 
plaxat* If tha polyMrlsatlon raaation takaa plaoa at tha 
azpansa of Iona or loo-paira, than tha aanlfliiblo foraaOf that 
lead to the formation of aolwata fllJMi« ooold ba tha aouraa 
of formation of oomplazaa* Baaidati tha oanplama aoold ba 
formed wlMi the help of adsorption foraas on tha walla of tha 
wassal or on the polymer that Is forming In tha liquid* Xn 
the work of Abkln^ prasentad to the 8 yBq[>oslua 9 wary Intarast- 
Ing data are adduoad on the rola of the oontalnar wall during 
radUtlon-polywrlsatlon of styrana in a solution of athyl 
ahlorlde at e aaaparatura of •78*« It tarnad out that tha 
polymerisation spaad ^oraasas with tha Ineraasa of tha ratia 
sA, l.a., the ratio of surfaaa to wdluBS of tha aentalaaTt 
and is extrapolated to saro, when tha ratio a/w tanda toward 
saro. This sowhow indloataa that the raattien takaa plaaa 
In a monomeric laye^ adsorbed on tha mall of tha aontalnar# 
Warral^ obsarwad a strong Inaraaaa In polynarlsatlon 
spaad for Isobotylane at a law tanparatura» idjan additional 
solids ware Introdooad Into tha aontalnar* Madwadaw and 
Krlstalnll^^ also obsarwad this affaat la tha prasanaa af 
Tarioos powders. The affect was tha strongar, tha flnar wara 
the powders (for tha same weight) y l.a.y tha greater wsa tha 
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tolld. Ths arrMt of tpood inorooM doponds llttlo 
on tht ohOBlool nottvo of pondtro* 

Adlor, 3aiivitliiOt ond othort^ la a looturo pw o nt oi 
to this oTaposlm thofir that tha polyaarlsatlon raaotloa flowa 
in a liquid on tha aurfaoa of tha polTnaria UapOf 
thair growth up to fomations aaailx Tiaibla hjr a niaroaaopa* 
Thus thara ara eartain raaaona to aaatsa that polTMTl- 
sation in a liqtiid ia alao aonnaatad with tha fomation of 
eorrectly oriantad groupa of ■ on onario nolaeulaa* Thia« ai 
tha author ballaraa, alao allowa ua to furthar aatpGLain tha 
paouliaritiaa of polynariaation in thaaa liquida at low 
tamparaturaa* 

Sueh ia tha qualitatira piatura of tha aiaoltaiiaoiia 
tranaition of a whola aryatallina aononar to a pelyaaria ahain 
Tha author hopaa that it will ba poaaibla in tha futur a 
to subatantiata tha praaantation aat forth« and thas to dia* 
ooaar tha ohaniaal eonaaqiuanaaa froa tha rapraaoBtatlan of 
ooUaetiTa larola of nononaria aryatala foa tha ahaaiatr/ of 
polyaariaation prooasaaa alailarly to tha way ia whiah at 
poraaant thair rola baaoaaa apparmt ia aocplalaiaf aartaia 
phyaieal propartiaa of oonjugatad polyaara* Wa ahall talk 
about thia in tha following portion of tha laatura* 

Bafora paaaing to tha raaulta of tha iafastigatiana by 
tha BPR aathod of now p<dLyBoria alaaaa8« tha author rarlau a 
tha baaia typaa of IPR aignala ia ayataaa that haua p rawl o u a Xy 
baan thoroughly iawaatigatad* 
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-27« 



Zn th* najority of eotot Khloh intorost orguiio 


ohtnltta (tho ra41oalt oantaliilnf atoBS with unoltar aafMtlo 
BODwnts) there arise oharaoterlstlo BPR ■peotrni with a hypaar** 
fine structure dependant on the Intaraetion of a noiMMmi>Ied 
electron with magnetic ■toMnts of neighboring noelei* Below 
we shall adduce sereral exasiplas* 

(a) In Figure 1 are sho%fn the KPR spectra fear hydro* 
gen and deuterium obtained In a frosen solution of lone of 
divalent Iron In acidified water iUumlnated at *196* by the 
light of a oereury laapt the acidified water is enriched with 
deuteriuBi (Bubnovy SheliaoT)* As aay be seen in the figurcy 
the hydrogen stems possessing a spin of yield two lines 
of hyperflne structure with a separation of 900 eerstede* 

The deuteriun atom with nuelear spin 1 yields three linesy 
corresponding to three possible values for the projeetion of 
a nuclear spin (*l|0yVl)y with a separation of 78 eerstede 
fron one another* The separations indicated bet w een lines in 
both oases coincide very nearly with the splitting nagnitudes 
obtained by Rabl in atonle clusters* This points to the 
absenoe of any Interactions occurring In a solid of H and D 
atOBW with the surrounding environnent* 

(b) Figure 3 shows the spectrtei of a nethyl radical 
obtained during the photolysis of pelydissthylslloxane (Bubnov). 
The speetruB consists of four lines with identical eeparatlcns 
between them (25 eerstede) and with an Intensity ratio Ii3t3il« 

Sanitized Copy Approved for Release 2010/11/30 : CIA-RDP80T00246A01 2300790001 -8 



Sanitized Copy Approved for Release 2010/11/30 : CIA-RDP80T00246A012300790001-8 


This spsotrtm is ttui rssvilt of ths intsipsetioa of o laoiiwoofaplod 
olootron of s hydro^on mtoa with throo oquiwolsnt protons of 
ths nsthyl sroup. Pour ststss oarrsspoodlns to tho wsrloos 
orientations of ths spins of ths thrss protons aro possible* 


a-priori probability 1 

tti " " 3 

Xii M "3 

i i i •» « 1 

Carbon (C^) does iv>t have a nuclear spin* 


(o) Upon Interaction of aluoinuB alkyls with halides 
of titanitiB, tlisre are formed oonplexes whioh oatalyze poly- 
nsriratl^m. If we take ths eonpound (C^B^)2TlCl2f then both 
ooEiponsnts and tlw rsaetion prodaot are soluble in toluene 
and benzene* litre the etr\ieturo of the produoty as is shown 

9k 

by A-ray strueture data of Katta may bo presented by the 
diagrami 

R Cl R* 

\l^ ^Ti^ 

R'^ ^R* 


In this oompound there must be one non^oapled eleotron* Zh 
oonneotion with this Shiloe and others^^*^ at the Institute 
of Chemical Physios dlscowered the SPR signal whioh in tho 
ease of bridges of Cl atoms has a poorly solwed hyperfine 
structure* 

The substitution of one or both atoms of ohlorino for 
hydrogen leads to the formation of now eempligais» whose IFR 
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■poctra have a solved hyperflne itruoture (Fir»« 

The deciphering of thle structure shoved that the spin elee- 
tron density Is distributed betveen elui^nun, Utwilum end 

two H atons. 

Digressing from the question examined, the author will 
dweU oil tlie question of the role of complexes (of the Ziegler 
type) which are catal/sts for polytaerlsatlon. 

hatta already found that the blue complex, concerning 
the structiire of which we just spoke, has a weaker catalytic 

activity* 

nr. t o basil of his experlmants S hllOT oane to tha oon- 
ol Iiioo flat tha l:itar:*tnata ooioplo* which 1» ootalytloally 
aetlvs on* may rappesent In a general form as 

[RjAl ... ClTlRg] R (of hlradlosl type) 

or [Roll CITIR^]'^- (Ion pair) 

Cl 

In ijraater llRallhood the true structure Is IntemeRUt* 
between these two. (to* of the attyl groups, woskly oomsotsd 
with the remaining part of the eonplex, petseaset certain 
ppopartlcs of free redlcals (e.g. nay dlaproportlonata with 
Kiother alBllar particle), but nay al*)at not recombine, 
■narefore, the reaction of tltanlun halldca with alunlnun trl- 
cthyl takes plaea almost Instantly with ths amission of othsa* 
and sthylens, but alunlmai trlnsthyl foms tta stable ecnplss 
shown *bo«. In the reaotlon with olefins, CHj (or (3^) to 
this ooaplox Is changed to a toosgor radloal eapabl* of dls- 
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.jroportloiiatljag . otiiar CH^ g?oui>4« Ttior«for«« aa vaa 
shotm by Shilov -^ogother tilth absorption of olofla tharo 
oo'nirs the esiiaslan of nothana and tha fomatlon of a blua 

non-^otlvo oora|>lax, 

Katturally ve are faced vlth tha ganaral quastloa tAiathar 
tuore aru not so<>oaHad ion-pairs in oartain cases as Inter- 
media ic fonuatlons botweon ion and biradlcal strueturas* 

2, Froo raaicala with dalocallsod un-cottalad alaotrflPS. 

iifl am aVaBa.,ia a 

Clinch non-coupl9(l electron with sufficient «Kehanga 
f jocuo-'iC. iu in aa; Idanclcol average field of nuclear spins* 
vas shown by Anderson, ore obtains hare a narrow single 
line of paranacnetic resonance, corresponding to the aearage 
(seroth) value of tha nagnatlo field of the nxielear spins* 

(a) Figure ^ shows the BPR spectrum of a free 
radical of dipbanylpicrylhydrasylt dissolved in b ans s n s* Ths 
spectrum has a typical hyperfina struetura (ea aoeesBit of intar- 
action with nitrogen nuclei)* The general width of tha spaatrum 
is ^ 50 eersteds* In a solid state, when the molaaules are 
replaced by uncoupled eleotrone with sufficient fTequensy 
(ooUeetlve level), the spectrum repreeents e single narrow 
line (Figure 5a )• 

(b) Figure 6 e^u)ws the Effi spectrum of e guenylia amid- 

monoioer, which is one of ths oompooente of eemplax biopolymarie 

nucleic acids, after exposure to gaiams rays* As nay be s ee n , 

the spectrum consists of a series of lines of hyparfins strua- 

« 

tura with a general width of about 100 ^stads* In a pelynar. 
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-31« 

Flbonuole Ic aold| In which uncoupled clcotFonCi crlclng upon 
cxpoiupc to ganBacHTcys, arc dclooaUccd, one obccrac a 
narrow (8-9 ^retede) BPR line without hyperfiae etnotwe 
(Figure 7) (31ta»nfeld»8 data). 



In this ease one obserres an viueually ctrenf widen- 
ing of the EPK signal (hundreds and thousands of dersteds) 

and an asytmaetry of these vide lines. Two types are widely 

known I 


(a) Metals with good eleotrloal conductivity, where 
the intensity of the signal Is small. 

vb) Ferrcaagnetlos and antl-ferroMignetlos, where 
Powerful Internal magnetic fields are fomed that le ad to a 
very great signal Intensity. Figure 8 shows the BPR spectra 
of a typical antl-ferroMagnstle. 

Temlnatlng here the short deserlptlcn of the elasslfl- 
cation of BPR signals, the author passes directly on to the 
subject of the second part of the lecture. 

I>urlng 1959 there were discovered through the SPR asthod 
new magnetic effects In organic strueturest these effects are 
connected with the appearance of narrow and wide BPR lines. 
Let us begin with the problem of narrow lines. BaCk la 19W 
Kot^nrev^? discovered In carbohydrates (la the solid 

phase) with conjugate double bonds, a narrow IPR signal, la 
which the Intensity of the signal Increased with the Increase 
length of the conjugate chain. Bxperlnsnts were eco- 
ducted at one (room) temperature. Kcayrev obviously wrongly 
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ribonucleic aold| in which uncoupled cicotrency crlslng upon 
exposure to ganma-raTti ere deloeeliaed| one obtervee e 
narrow (1-9 oersteds) BPR line without hjperflne structure 
(Figure 7) (Bluasnfeld^s date), 

3. Uncoupled electrons with strong emiectlTe interaeticn. 

In this ease one obeerres an unusually strong widen- 
ing of ttie BPR signal (hundreds and thousands of oersteds) 
and an asynnetry of these wide lines. Two types are widely 
known I 

(a) Metals with good electrical conduetlvlty, %rhere 
tho Intensity of the signal Is snail, 

(b) Perronagnetlcs and antl-ferrooagnetlcsy where 
powerful Internal magnetic fields are fomed that lead to a 
very great signal Intensity, Figure 3 shows the KRl speetrun 
of a typical Ur^O^ antl-ferrosttgnetle. 

Terminating here the short description of the SlMslfl- 
catlon of EFR signals, the author passes directly on to the 
subject of the second part of the lecture. 

During 1959 there were discovered through the BFR aethod 
new magnetic effects In organic structures) these effects are 
connected with the appearance of narrow and wide IPR lines, 
let us begin with the problem narrow lines, Ba^ In 19 ^^ 
Kozyrev^^ In Kazan discovered/ hydrocarbons (in the solid 
phase) %rith oonj\igated double bonds, a narrow BPS signal, la 
which the Intensity of the signal Increased with the Increase 
of the length of t>ie conjugate chain, Bxperlaents were con- 
ducted at one (room) temperature, Kosyrev obrlously wrongly 
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lBtorpv«t«d this ph«aaa»iion m a of oseitatlon to • 

(blyodlcol) otatOf vhloh with tbo Innrtm of aof iju- 
gation approaohaa tha froimd atata to auoh a dagraa that It 
baaanaa aotloaablx populatad aran at rooa taaparattcra* dubaa- 
qaantly* varioua foralgn and Soriat author a obtalaad analogoua 
raaulta In varioua oonjugata ayataaa* In tha alddla of 1959 
thara appeared the work of l^ta^ga^®, vho had proven that 
In tha eaaa of conjugated o a rtoSSa^a | dinaphtho<riincna^ tha 
narrow RPR algnal obaarved In a eryatalllna atata Ineraaaaa at 
^°'**^*^ ^Bperatura 4ta- Intensity according to Curia *a lavt 

A 

thla, obTloualy, axaludaa tha Interpretation of tha effect aa 
a raault of axclUtlon to a triplet atata. Matannaga auppoaea^ 
however, that In a solution a very snail portion of eolaeulaa 
fonsa blaolacular ooaplexes with aharply lowered (oonaldarably 
leas than kT) energy of excitation to a triplet atata. In a 
aolid they do tr99tm^ and give the obaarved algaala. Let na 
obaarve that in a solution the signal disappears* 

At tha Mendeleev Congress in March 1959, the author in 
the sunary lecture^^ reported in parUeular very briefly 
that narrow EPR lines, aecording to Blueenfeld'a and Berlin's 
b^P®^^®®uts , arise in conjugated polyeerlc syetees. 

SiBllar articles of these authors appeared In the seecnd half 
1959* First of all the presence of narrow gignmif 

shown in polyphenyUoetylene, and laUr on also in other con- 
jugate polymeric systems ^P°^- 3 T>henylene, the polymer of tetra- 
cyanoethylene, polyphthalloeyanlne, polyaminoguinone). In a 
solution of polymeric molecules the signals remain. 
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In 3«pt«Bb0r 1/59 tbmf bm published tlit artidlt «f 

l /' ^ \St 

Top«hi«T, Kargin^ Kr«nMX, othtFi « idio 

hind discovered nsrrov SPB slrMtls In thsnMllT prsdsstsd poljw 
aerylonl trilss • 

BliawWeld and Berlin showed that 

1. The intensitr of ths slgnsl doss not depend on tbs 
means of obtaining the polynsr, hot is dstemined hr the 
length of conjugated chain and is preserved in a solnticn 
down to the highest dilutions (^icure 9)f i» e. it is a prop* 
erty of tho polymeric moleottlef and not of the structure of 
the solid polymer as a whole* These data eacelnde the hypotb* 
esis of Matsunaga in any oases applied to these polynerie 
eoapcunds* 

2* The tenperature rate rigidly follow Curie •a Uv in 
the Interral free ♦150 to •Ipt** i»e« paraMLgnotie signals 
are not a result of thexnal OMitatlon to a triplet state. 

VoTv^skU and Tlkhoidrm^ sheued that the narrow 
signals in the eoals also depend cn a systen of conjugated 
bonds of condensed arcsMitie in the lattice of eoals^ and de 
net indicate ths presenoe of genulns free rad ie a l Sf as wu 
beUeved before. Thus, in 1959, a new effect Charaeteristie 
of conjugate systens actually was found; this effect appeared 
especially strongly in conjugated Chains of naercMlecules. 

The appearance of a narrow signal nay be analysed as 
an indication of a degree of ncn-eouplsd state of electrons 
in conjugated systens. Knowing ths intensity of a signal and 
of the absorption calculated for one ncn*coupled electron 
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(und«r given observatlcoi ooR<litiorui)i one rnkj deternine the 

degree of uneoupllngi l«e« the maiber of non^eoapled elee* 

irons fee one eonsequentljry for om Moleeiale* For ■eao* 

laerle oonjugeted srsteae the nsBber of non^-oonpled eleotroas 

calculated per aoleeule was a snail fraotlon (10^ • 2.5 * 10*^) 

and for dissolved conjugated pol7»trs It was not higher than 

1/5* Inasmuch as the degree of uneottpllng Is a fraoticnal 

nunibor, obrlovisly It is Impossible to epeak of any isolated 

uncoupled ulectront but only the degree of uneoupUng of 

the electron cloud as a whole* The fractional value of im* 

coupling in a iLolacule, obTlously» caxmot be explained by 

the fact t'nat In one of the molecules there Is one uoeoupled 

electron, and in others there is no unoonpliag at all* sinoe 

all molecules in a solution arSi of eoursey Identieal* 

From all that has been said above, it obviously follows 

that the degree of uneoupling is not eosmeoted with the ex* 

cited, but with the basic state of the aoleeule* There still 

is no theoretieal explanation of this offset* 

Let us pass on to the analysis of magnetie effeets eon* 

neeted with the appearsnee of wide BFR lines* 

In the beginning of 1959 there was published an artiele 

of Bluasnfeld, Kalaraon and of a Chinese M.A* eandidate 

&ten-Rii«gen^^, who diseovsred new nagnetie properties for 

nucleic aeids and their eoapleass with proteins* They dis* 

covered extrenely wide (700*1000 oersted) asywetrie lines of 

nagnstie resonance of large integral Intensity for native 

nuoleio acids and nuoleo pro tains* Figtire 10 Shows a typical 

BPR spectruB of native deoxyriboaueleie aeid* 
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Z M- * U tht «ont;#atratlcin of meouploA 

troaf* oonfllci.- Jig that th»»« oos^ounds ar« ordlaftrr 

magnotlc •ubitanoos, obtain hag* Talnas (lO^-lO^ an- 

oouplod electron* per graa)* HoMrer, the widths ehepe 

and tomporatnre dependence of these lines differ fron the 

corresponding ohsreeteristlo perenegnetie eeteriels* In 
r( «ir 

the laboratory^ Bluaenfeld-^^^ studied in detail these eon* 
pletely onexpeoted nagnetio properties of biopolyeerSf ahieh 
according to foraerly existing ideas should be dianagnetle* 

It was discovered that these conpounds are oharaeterised by 
a positive static magnetio suseeptibilitTf idiieh deereases 
according to a hyperbolic lav vhen the intensity of tbe 
magnetic field Is Increased. Thus vs observe e olear satu- 
ration offset charesterlstlc of fsrroMgnetlts. At the 
seas tins I in contrast to all knovn farrenagnetieSf there 
Is no residual eagnetls nosent idien the external uagnetla 
field 1* svltehed off. The behavior of these signals idiea 
the teeperature Is lovered recalls ths change in BPR speetra 
of oompounds of the type Cr^O^i HnO end of other typical 
antiferroBMignetles. '^n the other hend| the saturation in 
relatively snail fields recalls th# ferronapietles. Obviously 
a now class of magnetic phenonens has been disco vared ^ vhieh 
does not fit Into th* aoeepted olassif lection* Ut us not* 
that Bothn*r-By, BalaaSf and Oergely^^ reported at tha 17th 
International Bloohenlcal Congress at th* end of 1958 that 
their data bear wltnasa to th* presenos of strong internal 
magnetic field* In deoxyrlboauelsio acid*. 
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It If eloar frc»a all a^railabla fxpfrlMiital natfrlal 
that thora Is a ooUff tiir* p hfnofn on dfpfnd«nt on ttat 
•xlftanoo of ifolatod raglonf (fiafolar ddwdLnt)| tnfldf of 
vhloh unoouplod oloetrcnf stronfly Intoraot* Tfa* appoar* 
ane» of effects obtained by Bluaiinfald la tloaaly 
to the preservation of the wall-rogvlatad atmoture of the 
blopolymer. When the structura if dfftroyad (a«g« la thor* 
ma^ donaturatlon) the effeotf dlfappaar; la the aaff of 
additi^mal struoture (e«g« When oaapouadf with protalaa aro 
formed) the effecta Increase* Analogous apooiflo nagnstie 
properties uore dlsoovered la this laboratory for aatlro 
tlsstiea containing buoIsIc aolda (KalaansoB)y for aatural 
auoleoprotelna (Xttlibakln)i for growlag baotorial oultoros 
(Sanoylor)* At prosont Biunanfold is vcxklag out a theory 
of thsae singular aagastio p h s n of a a* Trm this thsory it 
foUovs that in ths strueturos iadioatod oaa aay azpast 
the appearanoos of vary groat ralass for alaatrio polarlia^ 
tion in eoaparatlYoly vsak elaatria fialda* 

An analogous original "paaada-farroaagBatlaa'* was also 
diseorered in many po l ys r s with aoaplad daUbla bondSf aaa» 
tainingi as a rula* a hstaroatoa or atoas of a natal la ths 
abain of acajugatioaf and also alaatroiwdoaar or alaatrea- 
aooaptor groups^*^^* Ihasa nav polynars wsra spathssisad 
ia Barit's laboratory* As in tbs aasa of all polynars with 
aoaplad double bonds, thssa polynars gins aarrov BPl llaas 
of tbs type dasaribad abors* aowsror, ia tbs giaon taaa, 
in a aolld stata this aarrov aignal is tupsrposod on a 
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widm lliM of hug* integral intanaitr* J>ut aa in the aasa of 
nuolalo aeldgi the appaaranea of a vlda aignol la aataapanlod 
b 7 a poaltlTo atatla ■agnatia atiaoaptibilitTf iihlah aliowa a 
aloar aataration* Upon diaaoXTlng a paljnaar tb0 vlAo lino 
and the poaltlTo aagnatio anaoaptlbilitir diaappoary and tho 
narrow signal ranalna* .Thua the wide lino abaraatorlaaa the 
atruetijra of a solid polToar aa a wtaola« althouid^ Ita appaar- 
anaa dapands also on the propartlaa of iaolatad polynario 
■olaattlas* Analogous aagnatia propartlaa (vlda BPR Unas) 
wara disc o ra rad in the laboratory of Bluaa^ald for oartaln 
arystallina aonoaMrs with a sufflaiantly branahad ayatan of 
conjugata bands (aartaln dyasf oapdarlaatlTaa of orgaala 
aondanaad riydraaorbona) As in tba oasa of polyMrs» ttaaaa 
affaata diaappaav ipan diaaolTing* 

That, tl» wida Bit signal in syathatlo poXyaara appaarat 
!• In tba pruinit of a narrow signalf aharaatariaad by 
dalooaUaatiaa of an alaotroa in tho individual ■olaoulni 

2* In tha proaa n aa of auffladant well aa^pilntai saotcra 
of arystallina struatura. 

In other wards, a aaUaativa aisai^ly if aorraaUy i ia poaa d 
•ouplad polywaria nolaoulas favns a spatial ragioa (■dnwaln") 
with aollaativiaation of alaatroiia ovar this antira valwa* 

In this oonnaation tbara arisas another higher dagraa of 
oollaatiTiaation with an i n a r aa a a of tha dagraa of wMOUpHing 
of alaatrona, and of their strong intaraationf tha Uttar 
gives rise to ths aagnatia propartias of tha oryatala* Ut 
us raswabar that there is hare an analogy with bahaviar of 
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oortain eouplad BonaMray vhiah da not rlald aoUaatlBa 
•ffaata In a aolutloa, tbrny aodLst la tte fan of ia^ 
latad Bolaaulat and, nnartbaltM| Tlald namw Uaaa of 
dolooaliMd olootrons in a oryotallino otata. Lot no aota 
that this to a aartain dagraa anbotantiataa tlso porarlonolr 
axpraooad ouppooltloa about tha praoanoa of ganaral alaatra 
loTolo for tho syotaa of ragularXy diopooad cryotall ina 
■oQooeroi although tha lattar maj only haua cna doidtla bond* 

All of the abora daaeribad nav nagnatlo paopartiao of 
theoa polynerlo oyotano boar vitMoo to tha axiatanoa althar 
of ooUaotlva loTtlOy on whleh tha alaetrooa ara dalooaliaad 
throughout tha antlra ayataa (narrow sm liaaa)9 oar of 
ragiona with a atrong Intaraeting oloud of ooUaatlTiaad 
alaotrona (vlda IPl linaa)* 

Ihua in tha li|^t of nav datay iaolatad Baoroaoloaulaa 
and aonatiaea alao wall ovdarad aggragataa of ■aoroaolaouloa 
■uat ba oonaidarad fron tha wlawpoint of thair aXaotroa atru a- 
tura aa a aingla oonplata ayataa* TtadonAtadly nah paoali* 
aritiaa of olaatron atruetura auat atroagly influntaa tha 
phyaioal and ohaaioal propartiaa of aiailar aabataaaaae 

Basidaa tha aagnatio propartiaoy alaatriaal propartiaa 
aonatituta another iaportant phyaioal proparty* In thia aoa* 
naationy of oouraay the alaatriaal oondnatiTity ia datandaad 
by tha atata of the apaaiaan aa a wholOy and not aaraly by 
tha atruetura of iaolatad aolaaulaa* Aa waa ahouBy la aoa« 
Jugatad ayataaa of both typaa (narrow and wlda aiinala)y 
thera ara ganaral laaala andy of aouraoy in the oonitigatad 
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Bol*euI» ItMifi and alae In tha domlBii thara la pgpaa* 
tioallr no raaiatanea to tha amaant ef aXaatraaa or of 
"holaa" undar tha aetlon of an axtarnal alaatrle fiald» 

Tha raalatanaa arlaaa otily npoa tranaitiaa of tha alaatroa 
fi*om ona polyaaria aolaavXa to anothar or froa oaa doaaia 
to anothar* Xnaaanah aa tha to1«w of tha doaaln la aoa- 
aldarahljr largar than that of tha polyBarla Bolaaala« om 
*ay axpaot for thaaa ayataaa oonaldarabljr largar ‘aal'oaa of 
alaatrio eondnativit/* It haa raalljr baan tiaian far a 
long tlaa that polymialaar aroMitla hofdroaarboaa faming 
good Bolaanlar arjratala poaaaaa at rooa taaparattva a 
graatar alaetriaal aondnatlTlty that of othar organia 
aoapofnnda* Aa Bimanfald g h awi» for aoM ampaanda af 
tjpa a wlda BVR aignal waa f oand, 

Talmaa, nraaka^ah and Bajabanaa^^ at tha Zaatltnta 
af Chaaiaal Fhyaiaa of tha Sorlat Aaadaaf of Saiaaaaa 
■ aa au rad tha alaatrla aandoaUrltaa af a largo mKiir af 
aboaa annaratad aav poljrMra ayiithaaiaad in tha laboratarr 
of (teini CharkaahlB and othara)« & thia aea> 

naatlony it tnmad oat that laaraaaad t1 atirii ^armtaa tlTltj 
at roaa taaparatara la o b aarro d aa a rila far tha amt 
apaaiaona ohiah riald wlda in aiff^* Cb tha othar hand, 
tha authora drav attastion to tha faat that tha apaaiana 
of polprara vtth^aantlnaoaa aladn af aonjogatloa, ahlali 
/laid narrow m linaa and do not raroal laaraaaad tlat 
triaal aondaatlTltx at rooa taaparatorOf poaaaaa la aaasr 
oaaaa a rorr groat (np to 50 Sud/hala) amrgy of aaUta- 
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tloo of .Uetr . In uhi. •«oi»»tlon «i» Uw 

of Arrh.nlu. ( r- (T. 1. o^r,^ trttt (TMt «»«t. 

MSS. TalroM analywd thm ■••tlvatlon 

•Mrgy" wnd ttm pr«-«xpoo^ntlal t*ni Tp polywr* 
(■tiidled by hla) with narroir aad Hid* ■« 

for different organic coapaund#, praTlofualy Imoim, Inclndlnf 


polyimolaar arcaaitlc ocpounda. Tha raaulta of thla study 
are shown on Plgura U. Along tho absslssas ths loftrltl* 
of tha pra-axponant 1, Is plottad, and along tha ojrdl- 
natas the activation energy E Is given* SlMUltansoasly, 
for a large number of tpecliwns studied by the m method by 
Blumenfeld, there Is Indicated the presence of a narroe ( a ) 
or wide ( O ) »« ^ absence of m signal 

altogether ( A ). The points ( V ) belong to the speeimsns 
for which there still are no data sonoernlng 1« signaU* 

It turned out that there Is a very dear syrtiaU beteson the 


change of energy of activation and of the pre-o*ponentlal 
term a mn«g the specimens* It is especially Interesting that 
^ fairly good linear dependence betesen log and 1 en- 
compasses praettcally all specimens, for lAleh no wide IF* 
lines are observed. However, the speelmens with wide IFl 
lines are considerably -displaced" from a straight line cm 
Figure U In the direction of large valmss of eleetrU 

ductlvlty at room temperature^* • 

In this connection the magnitudes of eUetrleal 
duetlTlty, which cclcntlct* of wloM •omtilo* w«fo •XrohiT 
.bl. to obUin for poly»rl. «t.rlU., .»• ^rr concMormbU. 
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Thia« Topohl^Tf Karfln« CmumIi Miik| OaTydor and asM* 
in tha USBl vara aUa to ototaia aftar tharnal 
proaaaalng of polymarrlonitrlla a anbatanaa with an alaa* 
trieal oonduotirlty of 10*^ oini*^ an*! at a tiaaparatiira of 
20*. A littla Tatar by analofoua naana Fohl^ (TMU) ob* 
talnad spoolnana with an alaatrla aondnatlTlty of tlia aaaa 
ordar* Spa tain and Vild^^ in tha USA bbtainad apaaiaana of 
polyp) ithalloayanina<-oop par with <r « 2*5 x 10*^ olai*^ a«“^ 
at a taaparatura of 25 *. Saill and Waiaa*^ in Auatralia 
obtained polyxanthana with (T ~ 10*^ ohn*^ a**^ at a 
tanparatura of 25** Tha alaetrieal aondnotivity of a poly* 
aarie ohalata eonpoond of tatraayanoathylana vith ooppari 
•ynthaaizad in tha ^titnta of Chaniaal Phyaiaa in tlia 
laboratory of Bariin and atudiad at tba Xnatitvta of llaatre- 
ohaniatry of tha Soriat Aaadany of Saianaaa Of Prwddn by 
Bnrahtain vith aaaoaiataa^^ anounts to 5 > 10'*^ ols*^ an*^ 
at 20 ** Tha alaatriaal aonduetirity of polypliaaylaBina 
■ynthaalaad in the saM laboratory and atndiad at tha Znatitnta 
of Chanleal Phyaiaa is afaal to 10*^ olm*^ aar^ at 25** In 
all oaaaa higher Talnaa vara obaanrad for tha Aialaatria 
aonstant* 

It la intaraatlnf to aeta that tha apaalnana, to vhiah 
tha points aorraspaad on tha right aypar part of tha atraight 
lina In Flgxira II, and vhiah paasaaa vary large valaaa of 
and By upan haating, naturally Inaraaaa vary rapidly in 
alaetrioal aonduativity* Thaa, for inatanaay tha alaatriaal 
oanduotivity of apaainana of nolaanlar aoaplanaa of 
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AMDAphthtn* and of ^oranili obtalnod bj ^ 

Berlin* a laboratory at a teaperature of 25* le espial to 
10**^ oha*! oa""^f and at 65* reaohat 10*^ obaT^ •i!^! btit 
at high teoperattores theae apeelaeat are deatroTed* The 
eonneotlon obtained betneen and B has e a n y kinetic 
analogneay eapeclally with prooeacea in aollda« In partloa* 
lar In catalysla. There doe a not exlat a full under atandlng 
of thla ao>oalled eonpenaatlonary effect | recently Eoglnaky 
and Khalt**^ In the USSR have put forward certain theoreti- 
cal base a for thia effect. However, one Boat enphaalae 
that for aultable aoalea - upon change of the pre -exponential 
torn of the order of 60, thla effect was never obaerred. 

Tairoze*^^ auppoaea that the preaenoe of a linear re- 
lation, eneompaaalng all aubatanoea without wide BPR lines 
and aliBultaneously poaseaalng a small electrical conductivity 
at room tenperature, and a sharp deviation fros this depend- 
enoe of specimens with high electrical conductivity (and 
aismltaneously with wide RfE lines) will in the future 
possibly becone the basla for a classification that dis- 
tinguishes subatanoea with strong collective Interaction and 
correspondingly great electric conductivity fron substances 
with snail collective Interaction and correspondingly poor 
conductors of electricity at ordinary temperatures, to 
concluaion, I would llJce to note that the polymeric systems 
surveyed above, which give an BPR apectrum, peseesa, as m9 
shown by preliminary axperlaants (tostltuta for Blsnental 
Organic Compounds, Institute of Ratrochemleal Synthesis, 
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- 43 - 

Xnstltut# of ChoaioAl PhTtloi)^ oatalytlo proportios la 
oartaln oKldlsiag and rodualxif raaotloni^^* 

Tha raport glTan eonalata of two rathar tfMraatarlatioally 
diffarant parta* Tha flrat part la darotad to tha polyaarl- 
sation at low taaparatturaa, and tha aaaond to physiaal prop- 
artiaa of nav olaaaaa of polyaara# HowoTari both thaaa parta 
ara oonnaoted in acnm uaaaura bjr ona ganaral idaa« whldi aon- 
slsta of tha raoognitlon of tha lapcrtant rola of tha aoUaa- 
tlyiaatlon of alaotrona eund of thalr anargy lawola both In 
polToariaatlon prooasaaa and in phjaleal propartiaa* Tha rola 
of aiioh oonoapta ./ill probably proTa aapaolally laportant 
In tha future for tha undaratandlng of bioohaadeal proaaaaaa* 
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fig, 1 , DfpnidwM* of kg on lA for notkyl ■•thnnrflnk* 
fig, 2, Bm spootrua foT H and D otona 

Flf. 3. ipootf* tor nothfl radleol ^ 

> 

'h 


Fig, 4. BPR •iwctnni oorr^ipondlng to tho ooa^lMt ^T1 ^ 


Fig* 5* KPR spootruB of dlphonylpl«rTl^F^®*F^ 

&• in a solid stats 
b. in a solution of 

Fig. 6. RPR spsotruB of goinylio aoid aftsr sxposurs to 
Fig. 7. RFR apsotruB of ribonuolsi# aoid 


Fig. 8. RPR spsstruB of CrjO^ 

Fig. 9. R« Mp—trm sf polypliiayla*»tFl«*» 

a. in solid stats 

b, ths SSBS gaantity In a bsaasns solvtiott 
0. ths SMS as in b» b«t dUulad 5 tlMS 

Fig. 10. RPR spsstrwi of dssKFFlbsBWSlals asld (MU) 


AN 

A1 

^ICvH, 


i-rays 
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